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Abstract
Objective:  The  aim  of  this  section  is  to  assess  the  evolution  in  the  manage‐
ment  of  liver  injuries  during  the  last  two  decades.
Methods:  The  authors  reviewed  the  English  literature,  reporting  the  wider
experiences,  and  on  the  basis  of  the  personal  experience,  they  suggest  an  up
to  date  treatment.
Results:  Mortality  due  to  hepatic  injury  has  decreased  over  the  past  century
from  nearly  70%  at  the  beginning  of  last  century  to  the  current  level  of  6–
7%.  This  could be  partially  attributed to  the  improvement  of  operative  techniques,
to  a  lower  surgical  trend,  to  the  application  of  damage  control  laparotomy  in
very  complex  liver  trauma,  and  particularly  to  the  diffusion  of  hepatic
angiographic  embolization.  Scientific  evidence  has  shown  that  more  than  67%
of  laparotomies  performed  for  blunt  liver  trauma  are  not  therapeutic  and  in
about  86%  of  all  post-traumatic  hepatic  lesions  the  hemorrhage  stopped
spontaneously  at  the  time  of  the  laparotomy.  On  the  other  hand,  blunt  hepatic
trauma  can  be  conservatively  treated  in  70–90%  of  hemodynamic  stable  patients,
in  the  absence  of  other  associated  lesions/peritoneal  signs  or  in  the  case  of
limited  need  for  transfusions.  Thus  far,  the  main  decision  criteria  for  a  surgical
rather  than  a  conservative  approach  to  the  management  of  liver  trauma  have
been  the  hemodynamic  stability  and  not  the  American  Association  for  the
Surgery  of  Trauma-Organ  Injury  Scale  (AAST-OIS)  grading  of  the  lesion.
Conclusions:  Restricting  the  indications  for  a  conservative  treatment  of  liver
traumas  solely  to  the  relief  of  hemodynamic  stability  seems  nowadays  to  be
unreasonable.  Criteria  for  a  conservative  treatment  are  as  follows:  hemodynam‐
ic  stability,  limited  need  of  blood  transfusions,  and  non-associated  visceral
lesions  on  CT  scan.  In  the  presence  of  these  conditions  non-operative  approach
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can  be  undertaken,  and  the  cornerstone  of  this  treatment  is  transarterial
angiographic  embolization.
Keywords: Liver trauma, embolization, laparotomy, interventional radiology, associ‐
ated lesions
1. Objective
Liver and spleen are the most frequently injured organs in blunt abdominal trauma. Manage‐
ment of hepatic trauma has nowadays radically changed in comparison with the past, when the
chance of spontaneous hemostasis of hepatic lacerations was considered an impossible event,
and conservative management appeared dangerous. Therefore, surgery was almost ever the
best therapeutic option for the patient with liver injury. In the 1980s–1990s, surgical indica‐
tion for liver trauma was dictated not only by the need to control hemorrhage or control biliary
leak, but also to reveal concomitant unknown hollow viscus injuries. At the beginning of
twentieth century, most hepatic injuries had fatal outcome, despite the routinely use of liver
pedicle clamping introduced by J. Hogarth Pringle in 1908.
2. Methods
The authors reviewed the English literature, reporting the wider experience in the manage‐
ment of liver trauma and considering their personal experience; during 20 years, they analyzed
how liver trauma management has changed in the last two decade.
3. Results
Nowadays, mortality for hepatic injury has decreased significantly as reported in the analysis
of data collected by the National Trauma Data Bank (NTDB) (under the aegis of the American
College of Surgeons Committee on Trauma NTDB (2008)) from nearly 70% at the beginning
of last century to 16.7% between 2000 and 2004 [1]. Current series report a mortality rate of 6–
7% for liver trauma [2].
Many factors led to decrease mortality rate, including:
• better knowledge of liver physiopathology,
• non-operative management (NOM) (success rate of 80–90%),
• development of high experience centers in hepatobiliary surgery,
• damage control laparotomy (DCL) in complex liver trauma.
Moreover, new CT scan techniques can provide more detailed images of hepatic lesions,
exclude hollow viscus injuries and quantify the amount of blood into peritoneal cavity.
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These factors have drastically changed the approach to liver trauma, which is no longer an
exclusive dominion of the surgeons.
3.1. Classification
Liver injury is often due to a polytrauma; therefore, its management needs a score to state
severity of clinical condition: frequently adopted scales are Revised Trauma Score (RTS) and
Injury Severity Score (ISS).
Liver Abbreviated Injury
Scale Score (AIS)
Grade I
Hematoma: sub capsular, < 10% surface area
Laceration : capsular tear, < 1 cm parenchymal depth
2
2
Grade II
Hematoma: subcapsular, 10% to 50% surface area, intraparenchymal < 10 cm in diameter
Laceration: capsular tear 1 to 3 cm parenchymal depth, < 10 cm in length
2
2
Grade III
Hematoma: subcapsular, > 50% surface area, ruptured subcapsular or parenchymal hematoma;
intraparenchymal hematoma >10 cm or expanding
Laceration: >3 cm parenchymal depth
3
3
Grade IV
Laceration: parenchymal disruption involving 25% to 75% hepatic lobe or 1 to 3 Coinaud’s
segments
4
Grade V
Laceration: parenchymal disruption involving > 75% of hepatic lobe or > 3 Coinaud’s segments
within a single lobe
Vascular: juxtahepatic venous injuries, ie retrohepatic vena cava/central major hepatic vein
5
5
Grade VI
Vascular hepatic avulsion
6
Table 1. Liver Injury classification according to American association for the Surgery of Trauma-Organ Injury Scale.
Revised Trauma Score (RTS) is based on three parameters: blood pressure, breathing, and
Glasgow Coma Scale (GCS) each of them is quantified with a level score from 0 to 4. A
cumulative score <11 is considered as a severe condition [3].
On the contrary, ISS is a more complex scoring system generally closely related to morbidity,
mortality, and length of hospital stay. It is based on Abbreviated Injury Scale (AIS) that
assigned a six-grade score for each of six body regions. The score ranges between 1 and 25;
thus, the trauma is considered mild for score <9, moderate for 10–14, and severe for 15–24 [4].
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Both previous reported score systems are useful for evaluating trauma in its complexity but
in order to create an injury severity scale for single organs; in 1987, the American Association
for the Surgery of Trauma (AAST) assessed the Organ Injury Scale (OIS), which is now the
most frequently adopted [5] (Table 1). The scale, first proposed by Moore and revised in 1994,
includes six grades of severity.
Based on Moore classification, Mirvis scale was designed on CT scan findings (Table 2) [6].
OIS-AAST grading system provides a descriptive value of hepatic injury, but its utility in
clinical practice is somehow limited, because it does not correlate with specific treatment of
the hepatic trauma.
Recently, the National Trauma Data Bank (NTDB) [2] under the aegis of the American College
for Surgeons Committee on Trauma tried to give a clinical value to the AAST-OIS scale.
The NTDB V. 5.0 included 1,130,093 patients from 405 centers in USA between 2000 and 2004
with liver, kidney, and spleen trauma, isolated or associated with other lesions. Data analysis
showed that mortality rate increased as well as grade of lesions: for patients with liver trauma,
grade 1–2 associated with other lesions was reported a mortality of 12.7%, 15% for grade 3,
27.9% for grade 4, 64.8 % for grade 5, and 94.9% for grade 6.
Overall mortality was 16.7%, and 80–90% of patients with hepatic and kidney trauma had
undergone NOM. Nevertheless, operative rate increased as well as grading from 29.2 to 37.2%.
Grade
1 Capsular avulsion, superficial laceration (s) <1cm deep, subcapsular hematoma <1 cm maximal thickness,
periportal blood tracking only
2 Lacerations (s) 1–3 cm deep, central/subcapsular hematoma (s) 1–3 cm in diameter
3 Lacerations (s) > 3 cm deep, , central/subcapsular hematoma (s) >3 cm in diameter
4 Massive central/subcapsular hematoma (s) >10 cm in diameter, lobar tissue destruction (maceration) or
devascularization
5 Bilobar tissue destruction (maceration) or devascularization
Table 2. Mirvis classification of liver trauma (Mirvis).
3.2. Non-operative Management (NOM)
Since 1990, management of liver trauma has become more and more conservative, particularly
due to studies on pediatric population. Karp et al. reported 17 pediatric cases with blunt hepatic
trauma successfully managed without surgical intervention. Moreover, he described four
stages of damaged liver healing: (1) blood reabsorbtion within the first 2 weeks, (2) coalescence
of the laceration, (3) size reduction, and (4) restitutio ad integrum in a period of 3–4 months
[7]. Furthermore, reviewing CT scans, he revealed that 20–67% of laparotomies for trauma
were not therapeutic and in 50–85% of hepatic lacerations, bleeding has already stopped at the
moment of surgical exploration [8].
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Results from pediatric experience gained considerable popularity also in adult trauma
management, and around 1995–1996 first reports about NOM appeared in literature, even if
they concern small series and not uniform population. However, success rate of conservative
treatment has been reported between 17 and 60%.
In a prospective study by Malhotra et al., a population of 661 patients with blunt trauma was
compared to other two patient cohorts of previous years (1985–1990 and 1993–1994); starting
from this analysis, a new “paradigm shift” of liver trauma management in non-operative
approach was provided [9]. Success rate of conservative management was 92.5%, associated
with a low rate of intra-abdominal infections, low need of blood transfusions, and shorter
hospital stay. Failure of NOM was due to hepatic-related causes in only 48% of cases.
The early studies about NOM were performed on patients with low grade lesions (I-II AAST-
OIS) and reported a success rate of conservative management around 70–90% [10]. More recent
experience showed good results also in stable patients with grade 4–5 liver injuries.
A recent analysis of NTDB V. 5.0 (between 2000 and 2004) [2] that tried to validate the AAST-
OIS, showed that only 14% of patients with liver trauma needs surgical operation, and in case
of isolated hepatic trauma, success rate of NOM was, respectively, 91.5% for grade 1–2 lesions,
79% for grade 3, 72.8% for grade 4, and 62.6% for grade 5.
The same results were described by Hurtuk et al. [11], reporting a success rate of 76.6, 69.3,
and 62.3%, respectively, for grades 3, 4, and 5 lesions, and by Polanco et al. [12] in recent review
of 3627 patients with blunt liver trauma and AAST-OIS score ≥4, reporting a success rate of
NOM >90%.
On the contrary, Kozar et al. [13] reported a success rate of 40% in grade 4 injuries and only
4% in grade 5.
Finally, in multicentre retrospective study including 393 patients with blunt liver trauma
AAST-OIS grade 4–5, the authors confirmed good results with NOM even in complex liver
injuries. Two-thirds of patients underwent conservative treatment with a success rate of 91.3%
[14].
Therefore, the lesson from these studies is that NOM is considered advisable even for severe
hepatic injuries, assuming that hemodynamic stability is verified (Figures 1 and 2).
It should be noted that even if the shift towards non-operative management drastically
improved survival of patients with hepatic trauma, its high success rate does not release
surgeon from close supervision, especially in patients with complex liver injuries. Richardson
[1] reported that mortality for liver trauma decreased from 19 to 9% in a 25 years lapse and
liver directly related death from 12 to 5% not only for the introduction of non-operative
management of grade 4–5 liver trauma, but also due to improvement in surgical techniques
and use of damage control laparotomy.
The most important selection criteria for a conservative approach to patients with hepatic
trauma are in summary:
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• hemodynamic stability (blood pressure ≥90 mm Hg and good response after fluid resusci‐
tation),
• limited need of blood transfusions (≤4 UI/24 h),
• non-associated visceral lesions on CT scan.
In the presence of these conditions non-operative approach can be undertaken, and the
cornerstone of this treatment is transarterial angiographic embolization.
Figure 1. Female, 49 years old, cyclist hit by a truck. She was hemodynamically stable, blood pressure 110/80 mmHg,
RTS 12, hemoglobin 12 gr/dl, GCS 15. CT scan of abdomen and chest was performed at admission with evidence of
pneumothorax and multiple lacerations in the right lobe of the liver, Mirvis scale grade 3–4, with hemoperitoneum, but
not vascular blush. She was not transfused and conservatively treated. Discharged after 15 days in good health.
Figure 2. Female, 91 years old, with chest trauma following accidentally fall in her house. Ct scan showed deep lacera‐
tion in the central part of the liver, Mirvis scale grade 3. The patient was conservatively treated with success and dis‐
charged after 13 days.
3.2.1. Transarterial angiographic embolization (TAE)
The introduction in clinical practice of angiographic embolization, based on CT scan finding
of contrast blush, is the factor that most contributed to improvement in survival.
Arterial hemorrhage differs from venous bleeding because it cannot be stopped by simple
manual compression or by packing. Thus, use of angiographic embolization has increased both
in NOM and after damage control laparotomy.
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A recent review of our experience concerning the treatment of grade 3–4 hepatic trauma
revealed that since 2005, thanks to the introduction of a new, high quality multislice CT scanner
and to greater improvement in angiographic embolization expertise, the success rate of NOM
has significantly increased compared to the past, with lower conversion to laparotomy (6% vs
62%) and operative rate (52% vs 22%) [15].
Fang et al. [16] divided the CT finding of contrast blush into three groups:
• free extravasation into peritoneal cavity;
• intraparenchymal bleeding with concomitant hemoperitoneum;
• intraparenchymal contrast blush without hemoperitoneum.
Intraperitoneal contrast extravasation, in presence of hemodynamic stability, is considered a
strong indication for early angiographic embolization, and it is, however, an independent
predictive factor for the need of operative treatment.
It is quite controversial whether to perform angiographic embolization in hemodynamically
stable patients presenting intraparenchymal blush rather than submit them to close observa‐
tion, performing angiographic embolization only in cases of remarkable signs of bleeding.
Moreover, contrast blush detected at CT scan is not always confirmed by subsequent angiog‐
raphy. This is another interesting aspect because it is still debated whether to continue with
embolization anyway, taking the risk of hepatic ischemia, rather than stop the procedure and
start a close monitoring as soon as the first signs of hemorrhage appear. A recent study by
Alarhayem et al. [17] reported 68 patients with Ct scan evidence of contrast blush; 22 (33%) of
them had no sign of contrast pooling at subsequent angiography and therefore did not undergo
embolization. The re-bleeding rate in this group was 32%, significantly higher than what
observed in embolized patients. According to the authors, patients should undergo angioem‐
bolization procedures when clear CT scan signs of contrast blush are visible.
The same results were reported by Hagiwara et al. [18] comparing CT scan to angiography in
detecting contrast extravasation.
The Eastern Association for the Surgery of trauma guidelines assign a level 2 recommendation for
angioembolization in hemodynamically stable patients with contrast blush evidence on
abdominal CT scan [19] (Figures 3 and 4a–c).
A challenging issue proposed by some authors is the use of angioembolization in high-grade
hepatic injury found radiologic, despite the finding of contrast blush.
Poletti et al. [20] compared CT scan to angiography in 72 patients with blunt hepatic trauma.
The author took into consideration hepatic injury, with or without major veins involvement
(the first group had a bleeding risk 3.5 times higher). According to the authors’ experience,
angiography should routinely be performed in all patients with grade 4 liver trauma when
hepatic major veins are involved.
Liver Trauma
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Figure 3. Male, 29 years old, admtted in emergency department for abdominal and chest trauma following fall with
paragliding. GCS 15, RTS 12, hemodynamically stable. (a) Ct scan showed deep lacerations in the right liver, large he‐
moperitoneum and extraparenchymal vascular blush. (b) The patient underwent angiography with evidence of blush
in the lateral segments of the liver and selective embolization was performed with gelfoam. (c) CT scan at 48 h. The
hospital stay was uneventful and the patient was not trasfused.
Figure 4. Carpenter, 35 years old hit by a piece of wood in his abdomen. At admission CT scan (a) revealed large hemo
peritoneum due to deep lacerations in 5-6 segments of the liver with vascular blush. He underwent angiography (b)
that confirmed the blush originating from branch of the right hepatic artery for the fifth segment. The patient was em‐
bolized with gelfoam in the distal part of the right hepatic artery and metal coils. No evidence of blush at the end of
the procedure (c). In the followings days the patients remained always stable, but he developed jaundice. An MRI (d)
was performed that showed deep no bleeding laceration in the lateral segments of the liver, large perihepatic biliary
collection with biliary fistula due to traumatic disruption of the dilated biliary ducts inside the laceration (e). The fluid
collection was drained by percutaneously insertion of pig-tail (e), and the biliary fistula healed after ERCP and stent
insertion (f).
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Carrillo [21] reported a 83% efficacy rate in arterial hemorrhage control in liver trauma,
whereas Sirivrikoz [22] demonstrated that angiographic embolization is an independent
survival factor (AOR 0.48, 95% CI; 36–63, p < 0.01) in a series of 6042 patients with isolated
grade 4-5 hepatic trauma (years 2002–2011, NTDB. multivariate analysis). In another multi‐
center study [14], TAE was administered to the two-thirds of patients with grade 4–5 hepatic
trauma, with a 91.3% success rate; a quarter of them had undergone angioembolization.
Angioembolization efficacy in hepatic trauma has so far widely been confirmed. Nevertheless,
this procedure is not free from life-threatening complications. Hepatic necrosis, gallbladder
ischemia, biliary fistulas, and hepatic abscess have been well described in the literature, with
a morbidity rate that varies from 29 to 80% [23]. In 2003, Mohr et al. [24] reported a considerably
high incidence of complications in patients with hepatic trauma treated by embolization, with
a gallbladder infarction rate of 15%.
Letoublon et al. described a 70% morbidity rate in 23 patients treated with TAE [25]. According
to the author, however, complications are not exclusively caused by the procedure itself, but
also a consequence of complexity of liver trauma.
Dabbs [26] reported a post-TAE hepatic necrosis rate of 42%. TAE morbidity rate is variable
and complications are more often caused by the severity of liver trauma than by the procedure
itself, which should definitely be performed in selected patients in order to avoid specific
hepatic complications.
From 1993 to 2015, 222 patients with hepatic trauma were referred to our Institution; 43% of
them have been submitted to NOM. In our experience, we noticed that after 2005, with the
introduction of a new, high-quality multislice CT scan and the improvement in angiographic
arterial embolization procedures, 70% of patients with grade ≥3 AAST-OIS hepatic trauma
underwent NOM with a success rate of 91%. Seventeen (26%) hemodynamically stable patients
underwent TAE for contrast extravasation revealed at CT scan. Three patients with severe
hepatic trauma underwent TAE even in the absence of bleeding at CT scan, but confirmed at
angiographic images. One patient underwent embolization after damage control laparotomy.
Two patients were submitted to laparotomy for gallbladder infarction and coleperitoneum.
Efficacy, morbidity and mortality rate of TAE were 100, 53 and 18%, respectively. Just in one
case, a complication (gallbladder infarction) was directly caused by the procedure.
3.2.2. Prognostic factors
The success of conservative management in blunt liver trauma is related to the ability to predict
the need for surgical intervention before deterioration of patients’ clinical conditions. Conser‐
vative approach may sometimes lead to late hemodynamic instability and the need of an
emergent laparotomy, with increased surgical risks; In fact, operations performed in critical
conditions when patient’s parameters have worsened is certainly more challenging.
Some reports provide that negative prognostic factors at admission are blood pressure
<110 mmHg and base deficit of 4 [26, 27]. Almost 25% of patients with liver trauma conserva‐
tively treated, need a surgical intervention for complications or NOM failure and in the 3.1–
6.7% of cases there is the possibility to ignore concomitant hollow viscus injuries [28]. Fur‐
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thermore, failure of NOM is associated with increased mortality, particularly in high-grade
trauma [12]. This implies that a critical approach and intensive surveillance for patients with
hepatic lesions grade ≥3–4 conservatively treated is mandatory, especially if hypotensive at
admission and with high ISS.
According to Malhotra et al. [9], bad hemodynamic parameters at admission, high ISS, large
hemoperitoneum, and vascular blush on CT scan represent risk factors for NOM failure, even
if none of them have a predictive value in statistical terms.
Polanco et al. [12] reported others risk factors as age (OR 1.02), male gender (OR 1.73), high
ISS (OR 1.02), low GCS, and low blood pressure at admission (OR 2.07).
A recent systematic review of the literature considered eight prospective studies including 410
patients. Failure of NOM was observed in 9.5% of cases, mortality rate was 4%, and 26
prognostic factors were identified, even if only six of them had a statistical relevance: blood
pressure, fluid resuscitation, blood transfusion, the presence of peritoneal signs, ISS and intra-
abdominal-associated lesions. Grading of hepatic trauma was not considered a risk factor for
NOM failure [29].
In the absence of specific criteria to certainly predict which patients with blunt hepatic trauma
would develop hemodynamic instability or complications after NOM, Fang et al. [30] identi‐
fied some CT scan findings that can predict the need of surgical operation:
• intraperitoneal contrast blush, hemoperitoneum involving six abdominal compartments,
• hepatic trauma involving more than two segments,
• high-grade Mirvis scale,
• porta hepatis involvement, hepatic lacerations depth >6 cm.
Among them, only intraperitoneal contrast blush, and hemoperitoneum involving six ab‐
dominal compartments result predictive factors at multivariate analysis.
3.2.3. NOM failure and complications
Approximately 25–27% of hepatic trauma conservatively treated needs a surgical intervention
for complication or late hemorrhage [31]. Therefore, non-operative management of hepatic
trauma should be considered not only in terms of mortality but also in terms of morbidity:
Overall morbidity is about 0–7% but can be higher than 14% in high-grade lesions. Kozar et
al. [32] analyzed 699 patients with blunt liver trauma grade 3–5. About 65% of them was
conservatively treated, and they reported an overall morbidity of 14%. Complications includ‐
ing bleeding, bile leaks, infections, and abdominal compartment syndrome (ACS) were
reported in 5% of grade 3 lesions, 22% of grade 4, and 52% of grade 5. ACS and bleeding were
the most common complications during the first days, while after the third day, patients
presented biliary and infectious complications more frequently. At multivariate analysis,
grading, and transfusion number within 24 h were predictive factors for complications
occurrence.
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Management of complication after NOM, recognized on CT scan, should be multimodal,
especially in case of biliary accidents as biloma, biliary fistula, and biliary peritonitis. Such
kind of problems occur in 3% of cases, particularly in grade 4 lesions, and represent one-third
of liver-related complications (Figure 4d–e) [27].
Small bilomas usually undergo radiologic observation, and in case of increasing in size, a
percutaneous drainage placed under ultrasonography control may be required (Figure 4e).
ERCP and stenting are the most common techniques in case of major biliary fistula (Fig‐
ure 4f). In case of biliary peritonitis with systemic signs of inflammatory reaction, a laparot‐
omy or laparoscopy with multiple drainages placement and hepatic resectional debridement
may be necessary. Bleeding complications usually occur within 72 h after trauma and can be
successfully controlled with angiographic embolization in most of cases, even in sometimes a
surgical intervention is mandatory.
3.2.4. Follow-up in NOM
It is by now well demonstrated that patients with complex liver trauma must be carefully
monitored in Intensive Care Unit (ICU).
On the contrary, the indication to radiologic follow-up during hospital stay and after discharge
is still controversial. In a multicentre study, Patcher et al. [33] assert that there is no indication
for CT scan follow-up for patients with grade 1–3 liver trauma. The same results are reported
by Carrillo et al. [34] while they suggest a radiologic observation for patients with severe
hepatic trauma (grades 4–5) when precise conditions (hemodynamic abnormalities, abdominal
pain, drop of hemoglobin level, and increase of liver function tests) are revealed.
It is well known that healing time of hepatic injuries, as shown by CT scan observation, is 4–
12 weeks; therefore, these patients may resume their physical activity after at least 4 weeks in
case of grade 1–3 injuries and after 8 weeks for grade 4–5 injuries.
Cox et al. [35] showed that at CT scan control, 86% of patients presents no modification in liver
lesions within the first week after trauma. An improvement was seen between 7 and 10 days
after injury and an almost complete healing after 3 months.
3.3. Operative treatment
In the era of interventional radiology, non-operative treatment has become the most used
approach in liver blunt trauma. Nevertheless, up to 35% of patients with complex hepatic
injury (12–15% of all hepatic injuries) still needs surgical treatment [23, 36–38].
Forty years ago, all patients with liver injury underwent surgical exploration, because liver
parenchyma was considered unsuitable for spontaneous hemostasis, and mortality rate
exceeded 80% [36, 39].
Starting from the second half of the last century, the introduction of NOM and use of arterial
embolization and the improvement of surgical strategies and surgeons ability have radically
changed prognosis of these patients [40].
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Indeed, the main indications for early surgical exploration in blunt abdominal trauma are by
now hemodynamic instability with hemoperitoneum and the presence of peritonitis (in most
of cases, it concerns grade 4 and 5 lesions). Patient with low blood pressure, not responding
to fluid resuscitation should undergo urgent laparotomy [23, 41, 42]. In this context, well
known that the choice of the correct strategy is essential to influence the final outcome of the
patient. Critical decision-making, profound knowledge of liver anatomy, and surgical
expertise in liver surgery are crucial points, and for these reasons, the operation should be
managed by a dedicated liver team [36, 37, 41].
A correct approach must be systematic (Figure 5) and follows some “gold rules”: use simple
maneuvers, pack and compress the liver for damage control, stop the operation when patient
is stable, and postpone adjunctive procedure to a second look [39, 41, 43]. This is the concept
of “damage control surgery,” introduced by Stone at al. in 1980s and promulgated by many
authors in numerous large group studies [38, 39, 41, 42].
Figure 5. Flowchart for operative management of liver trauma.
Laparotomy should nearly always start with a midline incision with adequate exposure of the
upper abdomen. In case of a complex right lobe injury or vena cava lesion, a right extension
of the incision may be necessary. Rarely, a sternotomy is needed to control a lesion of the
inferior vena cava (IVC) [37, 43].
The initial maneuvers are essential and are directed to control bleeding and allow resuscitation
and must be simple and determined [37]. The liver should be manually compressed pushing
both the lobe in their natural position and toward the diaphragm. This procedure can stop
venous bleeding and allows intra-operative resuscitation. This is a crucial phase, because a
delay in control of hemorrhage could lead to the “triad of death”: hypothermia, acidosis, and
coagulopathy; this is a high-risk condition for patient death. For this reason, it is recommended
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to use damage control surgery as a routine procedure and not as the last desperate option when
other maneuvers for bleeding control have failed and the situation is deteriorating [37–39,
42].
An early damage control leads to survival of up to 67% of patients, versus only 2% when used
as an extreme ratio [36].
Surgical strategy of damage control includes packing technique: Folded laparotomy packs are
inserted around the liver, pushing it posteriorly against diaphragmatic surface; some authors
suggested to take down the falciform ligament, even if it is a debatable maneuver (Figure 6)
[23]. Packing must be performed correctly, because a wrong pads positioning could worsen
hemorrhage: it is important not to place pads within the liver injury and avoid to pack so tightly
that inferior vena cava could be compressed and venous return impaired [23, 36, 37, 43].
Figure 6. CT scan after damage control surgery.
If these maneuvers prove to be effective, the operation should be stopped and the patient taken
to intensive care unit, where a close observation can be performed.
Perihepatic packing can completely control low pressure bleeding, originated from portal and
hepatic veins, but it is not resolutive for arterial bleeding. For this reasons, many authors
suggest the use of postoperative angiography and eventual selective embolization after
damage control surgery because more than 50% of patients demonstrate bleeding at postop‐
erative radiographic control. Even if prospective studies are needed, arterial embolization
should be incorporated in the management of bleeding after perihepatic packing [38, 42, 43].
Intra-operative selective ligation of hepatic artery should be avoided for the high risk of
parenchymal and gallbladder necrosis and reserved for selective cases of massive uncontrol‐
lable bleeding [38, 40, 43].
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Once the physiologic status of the patients has been restored, packing removal can be consid‐
ered. The optimal timing of pads removal is still controversial, but it is evident that if performed
before 24 h, risk of re-bleeding is very high. On the other hand, packing removal after 72 h
increases risk of sepsis; even if not yet well defined, 48 h seem to be the best time for second
look [36, 37, 40].
If bleeding persists after damage control procedures, Pringle maneuver should be applied
placing an atraumatic clamp, or preferably a double vessel loop, around the liver pedicle. This
can control bleeding from hepatic artery or portal vein; if hemorrhage persists after hilar clamp,
a juxtahepatic venous injury should be suspected [37].
Pringle maneuver must be intermittent, clamping the porta hepatis for 10–15 min and taking
it off for 5 min, to avoid parenchymal ischemic suffering and postoperative liver failure [43].
Once bleeding is controlled, injured vessels and bile ducts must be identified and sutured. It
is suitable to avoid deep rough suture, especially in profound lesions, for the high risk of main
vessel ligations, abscess and hematomas/bilomas formations, and late bleeding. It is advisable
to identify the injured structures and selectively repair them; to allow this maneuver, it could
be necessary to extend the parenchymal lesion using the finger fracture technique or sometimes
a stapling device [37, 43].
To control the hemorrhage, Stone and Lamb proposed the insertion of a viable omental pedicle
into the parenchymal injury. It seems to have an effective hemostatic effect, filling the “dead
space” with vascularized tissue, introducing peritoneal macrophages into a potential area of
sepsis, and providing stromal cell-derived factor 1-alpha which may recruits chemokine
receptor cells vital for healing [36, 38].
An issue that in the last years raised great discussions is the role of liver resection in the
management of hepatic trauma. Advances in operative techniques lead to decrease mortality
for liver resection from 80% in 1900 to less than 20% [37, 38]. Moreover, anatomic resection of
an injured segment definitively controls bleeding and potential bile leak and removes devi‐
talized tissue; however, its employment is still controversial.
Polanco et al. reported in a great series of liver resection for liver trauma a mortality lower
than 9% and morbidity lower than 30% [39, 44].
Some authors assert that the majority of liver resections performed for hepatic trauma can be
considered as resectional debridements of destroyed parenchyma rather than formal hepatic
resection [39].
Therefore, simple maneuvers with packing and damage control are the treatment of choice,
and the recourse to liver resections must be considered when simple methods fail to success‐
fully control parenchymal bleeding and should, however, be performed by expert liver
surgeons.
Finally, hepatic resection can be evaluated at re-exploration to remove injured or necrotic
parenchyma as definitive treatment [37, 39, 43].
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Juxtahepatic venous injury (grade 5 lesions) represents the most challenging and most deadly
form of liver trauma, even if it is a rare event. The patients may be stable and, in rare cases,
treated non-operatively, but 92% of them needs urgent operation. The mortality rate described
is between 33 and 81%, mainly due to the surgical inaccessible location of the retrohepatic vena
cava or hepatic veins [37, 45].
Buckman et al. [46] described two types of iuxtahepatic lesions: Type A includes lesions of the
intraparenchymal tract of hepatic veins, usually associated with tissue disruption, most often
involving the central posterior portion of the liver. This is the most common lesion and
hemorrhage is well controlled in most of cases with perihepatic packing or simple suturing. It
is not advisable to mobilize the liver and expose hepatic veins to perform a direct repair of the
vessels, for the high risk of bleeding worsening [36, 38, 43, 46].
The second pattern, type B, is represented by extra-parenchymal venous lesion, and it is
frequently associated to disruption of suspensory ligaments of the liver or diaphragm. It often
leads to an uncontained hemorrhage and may require total vascular isolation by clamping
inferior vena cava above and under the liver. In this case, mobilization of the liver is mandatory,
and it may be necessary to extend incisions cutting the diaphragm to achieve a correct exposure
of the injured vessel. Venovenous bypass or atriocava shunt are not advisable in the manage‐
ment of these injuries [36–38, 46].
Liver transplantation may be an option in rare cases when there is a lesion of the main portal
triad structure that cannot be repaired (grade 6 lesion), or in the presence of an uncontrollable
bleeding despite the use of all the procedures described above. A further indication can be
postoperative liver acute failure [36, 41, 43].
3.4. Operative treatment complications
Complications of surgical treatment of liver trauma include parenchymal necrosis with hepatic
abscess, sepsis, re-bleeding, and bile leakage [41, 47].
Re-starting of hemorrhage should possibly be treated with angiography and arterial emboli‐
zation, rather than ad adjunctive surgical intervention.
If bile leakage and biloma are present, less invasive procedure as ERCP or radiologic drainage
is the first choice, unless it may occur a peritonitis for choleperitoneum that requires re-
laparotomy [41].
Parenchymal necrosis is a less frequent complication and occurs when a destroyed parenchy‐
ma is left in situ after damage control, but can be related to a deep suture closing important
vessels, or to hepatic artery ligation/embolization. It can be treated non-operatively, but
sometimes, an abscess can develop, and a percutaneous or surgical drainage is necessary [41,
47].
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4. Conclusions
Scientific evidence has shown that more than 67% of laparotomies performed for blunt liver
trauma are not therapeutic and in about 86% of all post-traumatic hepatic lesions the hemor‐
rhage stopped spontaneously at the time of the laparotomy itself. By contrast, blunt hepatic
trauma can be conservatively treated in 70–90% of hemodynamic stable patients, in the absence
of other associated lesions/peritoneal signs or in the case of limited need for transfusions. Thus
far, the main decision criteria for a surgical rather than a conservative approach to the
management of liver trauma have been the hemodynamic stability and not the American
Association for the Surgery of Trauma-Organ Injury Scale (AAST-OIS) grading of the lesion.
Restricting the indications for a conservative treatment of liver traumas solely to the relief of
hemodynamic stability seems nowadays to be unreasonable. Criteria for a conservative
treatment are as follows: hemodynamic stability, limited need of blood transfusions, and non-
associated visceral lesions on CT scan. In the presence of these conditions, non-operative
approach can be undertaken, and the cornerstone of this treatment is transarterial angiographic
embolization. Patients with complex liver trauma after stabilization should be sent to a
referring, specialized center where a dedicated team is present. Nowadays, non-operative
treatment is the gold standard for most of the patients with blunt liver injuries and the role of
interventional radiologist is more and more determinant in the outcome of these patients.
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